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Ustilago Crameri Koern. on Setaria italica 

Beauv. 


[ Received for publication on 18th March, 1920.} 

Setaria italica is grown in all (lie districts of the Madras Presidency 
except Malabar and South Ivanara. It is called ‘ Termi ’ in Tamil 
and ‘Korea’ in Telugn. The total area ol ibis' crop in 1018 was 
1,5*29,187 acres. Tbe northern central districts of Cuddappah, Kurnool, 
Bellary. Anantapur and Guntur among themselves accounted for an 
area of 1,368,575 acres which is nearly 90 per cent of the total. Most 
otheT districts raise this crop to a greater or less extent wherever rain 
conditions permit. The importance of the crop as a food is well known. 
The map shows the extent of its cultivation in the several districts. 
It is growm as a pure crop in limited areas, but is generally grown mixed, 
the chief crop associated with it being cotton. In fact, this has given a 
name to the mixture which is known as“ Korrapatthi in the Ceded 
Districts. 

Setaria italica is subject to the attack of some fungus diseases which 
cause much damage, the most important being Sckmpora gmminicola 
Schroet (green-ear disease), U romycea Setaria italkce Diet, (rust) 
and Ustilago Crameri Koern. (smut). Ill the flowering stage the green-ear 
disease fungus causes proliferation of all parts of the flower so that the 
earhead becomes a mass of leafy shoots. The rust fungus produces 
brown spots on the leaves. The one that causes by far the greatest 
loss, however, is smut which converts the valuable food stored as starch 
in the seeds into a mass of black powder. 

Symptoms. Outwardly the grains are the only parts that appear 
infected. The smutted grains are only very slightly larger than healthy 
ones. In the early stages when the healthy grains are still green, the 
smutted ones have become grey, while at a later stage the former become 
yellow, while the latter are brown. When the membrane of the smutted 
grain hursts (PI. I, figs. 1 and 2). the black spores are liberated and give 
the grain and the glumes a dark dusky appearance, readily seen and 
much dreaded in certain tracts, where the cultivators aptly call it laliht 
I'orra or sooty millet, though when pressed between the fingers, the 
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spore mass is not jet black but slightly brown. The spores are formed 
only in the spikelets, Sometimes all the shoots of tho plant are affected 
and almost all the grains in the ear may be attacked. In some cases 
the upper spikelets may be free. In a partially attacked earhead the 
tip may be sound but the base is always affected. In no case has the 
upper portion of the earhead been found diseased, while the lower was 
sound. This gives an indication that infection proceeds from the 
bottom upwards and that when the inflorescence began to elongate 
the fungus did not keep pace with the development of the inflorescence 
and did not reach the uppermost part of the panicle. 

Origin . In Siruguppa Taluk of Bellary District the disease was 
very severe in 1917, and a report by the Agricultural Demonstrator 
there led to the investigation of this subject. The grains of ten smutted 
eaTheads sent to the Laboratory were counted with a view to find out 
the proportion of healthy to smutted grains. There were 2,261 healthy 
grains and 9,005 smutted grains. The proportion of healthy to smutted 
grains was 1 to 4. Details arc given below 





No. 




Healthy grains 

Smut tod grains 

1 . 







115 

314 

2 . 







123 

580 

3 . 







237 

678 

4 . 







488 

1,232 

o . 







34 

789 

6 . 







89 | 

892 

7 . 







587 

1,352 

8 , 







25 | 

684 

9 . 







58 

589 

10 . 







525 

1,895 






Total 

j 

i 

2,261 

9,005 


Loss. The area under Italian millet in Siruguppa Taluk in 1918 
was 23,800 acres. The estimated loss because of smut was more than 
a quarter of the crop : but if it be taken at a quarter of the crop and 
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the average yield at 1,000 lb. per acre, then the total loss for the Taluk 
would he 250 lb. per acre, which at the price current at the time amounts 
to a money value of 11 , 90,000 rupees. The area under this crop in 
Siruguppa Taluk is only one-sixtieth of the total area of the Presidency, 
and though the smut was not so severe in most other tracts still it was 
present to some extent in all and this gives an idea of the great loss 
caused by this smut in one year. It thus became important that a 
method of treatment suitable to the means and capabilities of the ryot 
should be devised and demonstrated in those tracts where smut was 
severe and recurring. 

Spores. In hulk the spore masses are black but when in a thin layer 
they look dull brown. They are aggregated into spore-balls (PI. I. fig. 3} 
which Teadily disintegrate under a cover slip into the component spores. 
In shape they are globular to ovoid, and some show irregular indenta- 
tions (PI. I, fig. 3). They are smooth and their contents appear more or 
less granular. They measure 7-7 - 11-1 x 5*3 - 8-2 /a. 

When placed in water, the spores begin to germinate usually in 0 
to 9 hours. A germ tube is produced and the protoplasm contained 
in the spore passes into the tube (PI. I, fig. 4). The rupture of the wall of 
the spore is so pronounced that the projecting portions of the spore- wall 
are seen along each side of the base of the germ-tube. It becomes 
divided by three or four septa (PI. I, fig. 4). From each of the cells small 
buds arise near the septum and form sporidia. These, when detached, 
may either put forth a germ tube or two adjacent sporidia may become 
connected by a transverse branch. There are instances where the 
promycelium may not develop sporidia but becomes an ordinary hypha 
and penetrates the tissue of the host plants by its pointed extremity. 
Again a kind of fusion takes place by means of a tube from one segment 
of the same promycelium. Thus the upper segment becomes connected 
with the lower segment of the same promycelium by means of a curved 
tube which Brefeld 1 calls a <f buckle-joint ” or “ knee-joint ” (PI. T, 
fig. 4, a, b, c). This is common when spores are germinated in water. 
But when germinated in sugar solution, these fusions do not occur, but 
the sporidia multiply in the manner of budding of “ Yeast,” thus giving 
rise to copious sporidial formation. This goes on until all the nutri- 
tive medium is exhausted. The course of infection is as follows : — 

Penetration. The germ tube penetrates the wall of an epidermal 
cell and grows through the cells beneath the surface layer (Fig. 5). In 

1 Brefeld. Unlerstickmgeti mis deni Gesarntgcbiete, etc., der Mykoloyie, Vol. V, 
1883, pages 101 to 102. 

Germination of the spores of this smut has been dealt with in detail. 
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the early stage of the seedling the hypke in sections of the nodes, are 
very numerous and very clearly seen. A month after the infection, 
li yphsc are only seen in the nodes (ami near the apex of the shoot) (PI. II) . 
The fungus is found in masses. Perhaps this is due to the fungus not 
being able to keep pace with the rapid growth of the plant and the 
fungus gets torn up and isolated into fragments. Infection takes place 
when the seed begins to germinate and penetration has been seen only 
through the epidermal cells of the hypocotyl. The young mycelium 
grows inside along with the seedling, showing no external signs of 
its presence until the earheads are produced, when it forms its spores 
in the ovary. 

Prevention — heal. The seriousness of this disease and the necessity 
for its prevention are not unknown to the ryot of the Ceded Districts, 
only the steps taken are primitive. He thinks that a mixture of cattle- 
urine, garlic, asafeetida, sweet-flag, is effective, but this has been on 
various trials found to be ineffective. Various preventive measures 1 
are used against this and similar smuts on cereals in other parts of the 
world as washing the grains in water, steeping the gram in copper 
sulphate solution or in formalin or in hot water or exposing it to hot 
air. Copper sulphate is known to the rvots and is available in the 
local bazaar. It is the cheapest, safest and most acceptable method so 
far as he is concerned and hence it is recommended. Formalin, though 
as effective as copper sulphate, is difficult to handle except under skilled 
supervision. The hot water, and the hot air methods, however, are 
not suitable to the ordinary cultivator, as he has no knowledge of the 
meaning or use of a thermometer. The Limits of safety were considered 
too narrow for the satisfactory adoption of this method. 

Other references. 

1. G. P. Cliuton in “ North American Ustilaginea?, has described 
this smut on the Italian millet as Ustihgo Crameri Koern. His descrip- 
tion is “ Sori in the spikelets, infecting all of the spike, ovate, about 
2-4 mm. in length, chiefly destroying inner and basal parts ; spores 
reddish-brown, chiefly ovoid to subsphcrical though occasionally more 
elongated and irregular with usually pitted contents, chiefly 8-li^ in 
length. 


1 Hcckc, L. Vorversuche zur Bekampfung dcs Brandes der Kolbunhirsc. Zeits. 
Landw. Ver, Dealer r., 1902, 933, 1902. 

(Gives results of treatment with hot water, formalin, corrosive sublimate, and copper 
sulphate un germination of Usiihvjo Crameri and U. Panid- miliaaii . ) 

Stuart, \V. Formalin as a Preventive of Millet Smut. Ann. Hep. Ind. Agr. 
ttz p. St., i3, 2.1, 1901, shows from experiment that seed soaked 1-4 lirs. in formalin, 
rate of 1 lb. to 4u gals, of water, was effective in preventing this smut. 
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“ This fungus sometimes causes damage to the cultivated millets. 

It has been reported only during recent years from this continent. The 
ordinary hot water method of seed treatment is a preventive.” 

2. Brefeld. Untersu-chungen aus dtm Gesamtgebiete, etc., der My- 
kologie , Vol. V, 1883, pages 101 to 102. 

Germination of the spores of this smut has been dealt with in detail. 

3. Hecke, L. Vorversuche zur Bekampfung des Braudes der 
Kolbenhirse. Zeils. Lundw. Ver. Oesterr., 1902. 933. 1902. 

(Gives results of treatment with hot water, formalin, corrosive 
sublimate, and copper sulphate on germination of Vat dago Cnuneri and 
U. Panici-miliace i.) 

4. Stuart, W. Formalin as a Preventive of Millet Smut. Ann. Ilcj). 
Ind. Agr. Exp. St ., 13, 25, 1901, shows from experiment that seed soaked 
1-4 hrs. in formalin, rate of 1 lb. to 45 gals, of water, was effective in 
preventing this smut. 

5. Butler, E. J. “Fungi and disease in plants. ' pages 231-235. 

As is the case with C ini fuel in Sorghi Vulgaris on Aiutropagon Sor- 
ghum (Short smut on cholum Tamil and jonua Telugu ), another smut 
known to the cultivator and whose method of prevention is gradually 
being adopted by them, the smut on Italian millet, also yields readily to 
preventive treatment. The method of infection in both cases is the 
same. As in Sorghum, the smut on Italian millet adheres to the surface 
of the seed, germinates along with the seeds and enters into the young 
seedling only during the seedling stage. 

Preventive experiments. In the investigation of this preventive 
method, the points to be settled were : — 

1. the concentration of copper sulphate solution which would 

undoubtedly prevent the germination of the spores, 

2. whether that concentration of the solution would at all affect 

the germination of the seed, and 

3. whether the results obtained by 1 and 2 were confirmed by 

field trials. 

1. The effect of copper sulphate solution on the spores. A few 
smutted grains were broken up and a small quantity of spores collected 
and made into ten lots for treatment. Each lot was put in a test tube. 
A few spores from each lot were placed on slides in distilled water to 
germinate. In 24 hours almost every spore had germinated in all the 
eleven lots. 

The tubes with the spores were thoroughly shaken several times 
during the period in which they were in solution and then left to settle. 
The fluid in each tube was removed with a pipette and distilled water 
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put in. The tubes were again well shaken. When the spores again settled 
down the water was taken off and the tube refilled with w’ater. This 
rinsing was repeated a number of times until the last rinsing water 
contained no trace of copper sulphate. As a further test, the last 
rinsing water from each tube was poured into a tube containing spores and 
left for the corresponding period of time. In no case did this steeping 
in this rinsing water affect the germination of the spores. The details 
of the experiment are given in the tabular form. 


Test 

tube 

No. 

Concentra- 
tion. of cop- 
per sulphate 
solution used 

Time soaked 

Period taken 
for testing 
germination 

Results 

1 



12 hours 

12 hours 

In distilled water 50 per cent 
germination in 6 hours, 95 per cent 
in 12 hours, and 100 per cent 
in 24 hours. 

2 

0*1 per cent 

10 minutes 

120 hours 

About 50 per cent germinated in 
24 hours. The germ tube of 
spores that germinated length- 
ened and even this stopped 
after 96 hours. 

3 

01 


\ 30 „ 

i D » 

No germination. 

4 

0’5 


10 

! Do. 

Do. 

I 

5 j 

0-5 


30 

Do. 

Do. 

0 

10 


15 

i 

j Do. 

Do. 

7 

1-0 


30 

Do. 

Do. 

8 

2'0 


15 

Do. 

Do. 

9 

2-0 


30 

Do. 

| Do. 

10 

o’Q 


15 

l 

j Do. 

Do. 


Note . — 6 slides with drops of distilled water were used for germinating the spores in 
each case. 


From these experiments it is seen ; 

(1) that the spores germinated in distilled water to the extent 

of 50 per cent in 6 hours and freely in twelve hours ; 

(2) that 0-1 per cent solution of copper sulphate for 15 minutes 
retarded germination and hindered growth: the promy- 
celium was short and did not produce sporidia during the 
period of observation ; 

(3) that 0*1 per cent for 30 minutes stopped germination 
entirely as did all higher concentrations for periods of 15 
and 30 minutes. 
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Under the conditions of the experiment, in working with small 
quantities of spores it is likely that the spore masses will be broken 
into their component parts to a greater extent than they will be in a 
field experiment where the seed is steeped in a copper sulphate solution. 
It may be anticipated that the spores may not be so well separated 
from each other and that the copper sulphate solution may thus not get 
at every individual spore, with the result that the same effect may not 
he produced in the field with any one concentration as is shown in the 
table of results. 

2. The effect of copper sulphate solution on the germination of the 
seeds. In each experiment 100 seeds were placed in moist sterile sand. 
The sand was sterilized by being kept in hot-air sterilizer at 170 degrees 
centigrade for half an hour. In 48 hours all the .100 seeds germinated, 
showing thereby that the seeds were in a very good condition. With 
the seeds thus tested the following 15 series of experiments were tried 
with the results tabulated below : — 


Serial No. 

Strength of cop- 
per sulphate solu- 
tion 

Time steeped 

Percentage of 
germination 

Number of hours 
taken for germina- 
tion 

1 

Untreated seed 


100 

48 

2 

O’o per cent 

15 minutes 

yy 

96 

3 

0’5 „ 

30 

100 

120 

4 

1 

13 

U8 

l)o. 

5 

1 

30 

yy 

Do. 

e 

2 „ 

15 „ 

yy 

Do. 

7 

2 

30 „ 

yy 

Do. 

s 

2 „ 

10 hours 

yy 

| 192 

9 

! o „ 

15 minutes 

! y5 

Do. 

10 

1 3 „ 

30 „ 

92 

j Do. 

11 

i 

j 10 

15 „ 

79 

Do. 

12 

10 

30 „ 

84 

216 

13 

13 

15 „ 

63 

Do. 

14 

15 „ 

30 „ 

69 

1 

Do. 


The experiment shows that the lower concentrations have no efiect 
on germination, that the lowest concentration that has a definite effect 
is 5°per cent and that after steeping for 30 minutes, and that, above that 




8 Ustilago Cuambri Kojsiix. on Seiauia Italica Beauv. 

concentration, the germination is lowered in proportion as the concentra- 
tion is greater. It is thus obvious that 5 j)er cent concentration of 
copper sulphate solution is the limit within which we can safely steep 
seeds. However, smut spores fail to germinate with even 0*5 per cent 
copper sulphate solution for 15 or 30 minutes. As a working formula, 
therefore, the strength of solution which is required to kill the spores 
and at the same time not affect the germination of the seed may be 
taken at somewhere about 2 per cent and the ordinary length of time 
may he half an hour. This allows a large limit for possible errors both 
in making the solution in the rough way in which a cultivator does it 
and in the time of steeping and still ensures success to the treatment. 

Test as to whether the results obtained by (1) and (2) are confirmed 
by making a trial on a field scale. Seed was obtained from the stores 
at the Cenlral Vann. Ooiinbalore. Tn order 1o get clean seed for this 
experiment it was steeped in 2-5 per cent formalin (?-.#?., Sobering' s for- 
malin diluted) for 15 minutes. That this treatment completely destroys 
the spores but does not hinder the germination of the seed was proved 
by repeated experiments. 32 plots were laid oat in the compound of the 
Pot-Culture house of the Government Mycologist and were sown with 
seeds treated in the manner detailed below : — 

1. Seed as obtained from the Central Farm stores without any 

treatment k. 1. 

2. Seed soaked in 2*5 per cent formalin solution for 15 minutes 

k. 2. 

3. Part of k. 2 was mixed with spores of tc.nai smut and this is 

k. 3. 

4. Part of k. 3 was treated with copper sulphate solution as de- 

tailed below : — 


Series 

Strength of copper sulphate solution 

Time of soaking 

4 1 

0*5 per cent 

15 minutes (k. 4) 

6 J 

0*5 „ 

30 

(k. 5) 

a 

i 

15 „ 

(k. 6) 

7 ! 

1 

30 

(k. 7) 

8 

2 

15 

(k. 8) 

9 1 

2 

30 

(k. 9} 

10 j 

2 

10 hours 

(k. 10) 

n 

5 „ 

15 minutes 

(k. 11) 

12 

,”* „ 

30 „ 

(k. 12) 

13 

10 

15 „ 

(k. 13) 

U 

u 

10 

15 

30 

15 

(k. 14) 

(k. 13) 

10 

151 „ 

30 

(k. Ifi) 


Duplicate plots were laid out in each case, the seeds were sown 
on 20th November, 1918, and harvested on 13th February, 1919. The 
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plots that were sown with seed infected with smut, i.e., (k. :>}, showed 
208 smutted (earheads) plants out of 350 that grew. All the other 
plots were entirely free from smut. 

Thirty-two plots of one-cent each were laid out in field No. 2c 2 in the 
Government Agricultural Station, Hagari, with the kind co-operation 
of Mr. Hilson, Deputy Director of Agriculture. Circles II and III. The 
seeds were sown on 23rd September, 1918. The plots were harvested in 
January, 1919. Only the artificially infected plot produced smutted 
earheads. The germination in all the plots was for some reason very 
uneven and the experiment is taken only qualitatively. 

The following experiments were made to determine the place in 
the tenai plant through which the smut gains entrance. Taint seed 
obtained from the Agricultural Demonstrator, Bcllary. was disinfected 
with 2-5 per cent formalin for 15 minutes, dried, smeared with spores 
of the smut, and sown in pots with sterilized soil on the 17th December 
1917. Another lot of seeds was also sown at the same time, but these 
were disinfected with formalin, but not smeared with smut spores. 
The pots used w r ere new and were immersed in a 01 per cent solution 
of corrosive sublimate and dried. The soil that was put in the pot was 
kept in small lots in a hot-air sterilizer at a temperature of 170 degrees 
centigrade for half an hour. These pots were watered with sterilized 
water till the seeds came up to a seedling stage. When seeds germinated 
some of them were carefully removed from the pots and examined under 
the microscope. Blit spores were seen to have germinated and to have 
produced lots of sporidia in two days. The germ tubes from the ger- 
minating spores were seen on the surface of the seed-coat and oil the 
epidermal layer of Ilie plumule and of the hypocotyl. The course of 
infection is as follows. The germ-tube penetrated the wall of the 
epidermal cell of the hypocotyl (PI. I, fig. 5) and grew 7 through the cells 
beneath the surface layer. In the early stages of the seedling, hvplno 
arc seen to be very numerous in sections of internodes and nodes. A 
month after infection, however, the hyphoe were only seen in the nodes, 
in the form of masses. Infection takes place when the seeds begin to 
germinate and the young mycelium grows along with the seedling show- 
ing no external signs of its presence until the flowers are produced, 
when it again forms its spores in the ovary. The seedlings grew up 
under sterile conditions in the pots for about a month. When they had 
grown sufficiently high they were transplanted into big pots. The 
soil used to fill up the pots was obtained from the Centra] Farm. Coim- 
batore. Sections from the nodes and internodes of some seedlings 
showed thick nodulose hyphac, PI. II. Out of 100 plants in the pots 
95 showed smutted earlieads. In the 100 plants grown out of seeds 
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that were not smeared with smut, no smutted earhead was seen. In a 
field in the Central Farm Coimbatore, sown on the 17th November, 1917, 
and harvested on the 5th February, 1918, out of 300 plants that grew 
from seeds smeared with smut spores, 165 plants showed smutted ear- 
heads. In the 300 plants that grew from seeds not smeared with smut 
spores, not a single plant was smutted. 

To determine if the spores of the smut infect flowers of Italian millet 
and produce smut on the cars, the following experiment was laid out. 

Tenai seed was disinfected with 2*5 per cent formalin for 15 minutes, 
dried, and sown in pots. The pots were new and dipped in 1 to 1,000 
parts of corrosive sublimate solution and the soil sterilized by being kept 
in a hot-air sterilizer at 170 degrees centigrade for half an hour. The 
experiment was divided into two series with 20 plants in each series. 
When the plants grew up and were in shot-blade, the tops of these 40 
plants were covered over with paper bags. As .soon as the earheads 
came out of sheathing leaf, the stigmas of the flowers were dusted with 
smut spores in the following way. Dry spores of the smut were placed 
in a paper bag and shaken on to the flowers by inverting the bag over 
the earhead and shaking thoroughly. Sometimes the spores were 
placed with a camel hair brush. Examination of the dusted earheads 
with a hand-lens showed spores on the stigmas of flowers. The other 
set of 20 plants that were bagged, were not interfered with in any 
way, i.e., they were not dusted with spores. After the earheads 
matured, the paper bags were removed and none of the earheads in 
either of the two sets were found to be smutted. This was repeated 
three times. It is thus seen that the spores of the smut are not capable 
of infecting the flowers of the plant. It may sometimes be suggested 
that the spores may lie dormant in the soil for one season and affect the 
later crop. This is against the life-history of the smut as the spore ger- 
minates quickly in water in a short time and the field is likely to have 
received a shower or two in the fallow period. 

From the foregoing experiments the limits for copper sulphate 
solution both with regard to the fungus and the seed have been deter- 
mined to be 0-5 per cent and 5 per cent, and 2 per cent has been shown 
as a good working concentration. The formula is easily translated into 
the measures understood by the ordinary cultivator. A kerosene bottle 
ordinarily available in the bazaar can be taken as a measure for water, 
and a rupee as the weightfor the copper sulphate. To secure 2 per cent 
strength of solution he has todissolve a rupee weight of copper sulphate 
in a bottle of water. The cultivator has thus to remember only two 
things, i.e., one rupee weight of copper sulphate and a kerosene oil bottle 
of water. Steeping in 2 per cent solution for 10 minutes has been re- 
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commended in Bombay. But the bulk of tbe ryot population have yet 
to become familiar with the means of gauging accurately sub-divisions 
of an hour. The ryot has a rough and ready method of determining 
the time. Generally he keeps no clock or time-piece. He is guided 
mostly by the shadow cast by an object and ho is always very nearly 
correct. He has inherited this method from time immemorial and it 
has not failed him : and a method he would understand better is to be 
perferred. Half an hour is easily understandable, a better unit which 
leaves a sufficient margin of safety. 

The Deputy Director of Agriculture of Circles II and 1 1 1 conducted 
field trials with seed treated with 2 per cent, copper sulphate solution. 
This was done consecutively for three years. A definite set of instruc- 
tions was prepared for guidance and Agricultural Demonstrators 
visited villages several times before and after sowing. They showed 
the people how to prepare the solution and how to treat the seed in solu- 
tion. In some plots treatment of seed and sowing were done under 
their personal supervision, while, in the majority of cases, the ryots did 
this part of the work closely following their instructions. During the 
several inspections of the treated plots by the Agricultural Demonstrators 
it was found that the treated plots presented no appearance of smut. 
This was the case not in one or two plots, but in hundreds of plots. One 
may realize the efficacy of this treatment, when one realizes that in 1917 
ryots, usually extremely conservative, had grown 9,312 acres in Bellary 
District alone with treated seed. At the same time, it is necessary 
that only good seeds should be used as old grain may be injured by the 
treatment. The seeds should be dried quickly or sprouting may result. 
Sowing should be done soon after treatment. 

SUMMARY. 

(1) Smut causes great loss in Setaria italica (Italian millet) in certain 
districts of the Madras Presidency. 

(2) The spores germinate freely in distilled water to as high a per- 
centage as 95 in twelve hours ; but fail to germinate when placed in 
solutions of copper sulphate of 0*5 per cent and higher concentration 
foi 15 to 30 minutes. 

(3) That steeping seed of Setaria il.aHca in solutions of copper. sulphate 
of 5 per cent concentration for 30 minutes and higher concentration 
for 15 to 30 minutes reduces germination. 

(4) That the smut enters the plant in the young seedling stage. 

(5) That the spores do not infect the flowers. 

(6) That to secure safety from infection, seed should be steeped in 
a 2 per cent solution of copper sulphate for 30 minutes. 





omNA'riok of pLVrk i. 

kie. t. Earheaii of Meittria ita/ica, Italian millet, with smutted grains. 

„ 2. Smutted grains enlarged. 

„ 3 Spores of Ualitago Vramm Koern. > 400 and * 800. 
i! *• («) Germinating spores in different stages. 

(b) Promyoelia showing the “ buckle-joint ” * 400. 

» 6 Germ-tube entering the epidermal cells oi the young hypocotyl of tie millet 
seedling * 400. 
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Publications of the Imperial Department of Agriculture 
in India. 


To be had from : — 


The Office of the Agricultural Adviser to the Government of India, Pusa, Bihar, 
and from the following Agents 


1. Thacker, Spink & Co., Calcutta, 

2. W. Newman & Co., Calcutta. 

3. Kai M. C. Sarkar Bahadur & Sons, Calcutta. 

4. Higginbothams, Ltd., Madras, 

5. Thompson & Co., Madras. 


6. D. B, Taraporev&la, Sons & Co., Bombay. 

7. Thacker & Co., Ltd., Bombay, 

8. Sunder Pandurang, Bombay. 

9. Rai Sahib M. Gulab Singh & Sons, Lahore. 

' 10. Manager, Educational Book Depot, Nagpur. 


A complete list of the publications of the imperial Department of Agriculture in India 
can be obtained on application from the Agricultural Adviser to the Government of India, 
Pusa, Bihar, or from any of the above-mentioned agents. 

These publications are : — 

1. The Agricultural Journal of India. A Journal dealing with subjects connected with agri- 

cultural economics, field and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, 
co-operative credit, agricultural cattle, farm implements and other agricultural matters in 
India. Illustrations, including coloured plates, form a prominent feature of the Journal. 
It is edited by the Agricultural Adviser to the Government of India, and published once 
every two months or six times in a year. Annual Subscription, Its. 6 or 9 n. 6rf. ^including 
postage. Singlo copy, R. 1-8 or 2s. 

2. Scientific Reports of the Agricultural Research Institute, Pusa {including the Report of the 

Imperial Cotton Specialist). 

3. Annual Report on the Progress of Agriculture in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture. 

6. Memoirs of the Imperial Department- of Agriculture in India : 

(o) Botanical Series. 

(6) Chemical Series. 

(c) Entomological Series. 

((f) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute. Pusa. 

8. Books. 

The following are the publications of the last two years 

Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of the 
Imperial Cotton Specialist), lor the year 1918-19. Price, R. 1-4 or 2s. 

Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of the 
Secretary, Sugar Bureau), for the year 1019-20. Price, R. 1. 

Report on tho Progress of Agriculture in India for the year 1917-18. Price, E. 18 or 2-\ 3 <7. 
Report on the Progress of Agricultm-e in India for the „ iar 1918-19. Price, R. 1-8 or 2s. M. 
Proceedings of the Board of Agriculture in India held at Pusa on the 1st December. 1919, and 
following days (with Appendices). Price, As. 12 or Is. M. 

Proceedings of the Second Meeting of Afycologic.il Workers in India, held at Pusa on the 20th 
February, 1919, and following days, price. As. 11 or Is. 

Proceedings of the First Meeting of Agricultural Chemists and Bacteriologists held at Pusa on 
24th February, 1919, and the following days. Price, R. 1 or 1*. 6r7. 

Proceedings of tho First Meeting of Veterinary Officers in India, held at Lahore on the 24th 
March, 1919, and following days (with Appendices). Price, As, 8 or 9</, 

Proceedings of the Third Entomological Meeting, held at Pusa in February, 1919, Price, Es 17-8. 
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MEMOIRS OF THE DEPARTMENT OF ACRICULTURE IN INDIA. 


Botanical Series. 


Vol. X, 

No. I. 

The Rice Worm (Tyhnchus angu&tus) and its Control, by E. J. Butler 
m.b,, f.l.s. Price, R. 1-4 or 2s. 

VoL X, 

No. II. 

Studies in Indian Sugarcanes, No. 4. Tillering or underground branch- 
ing, 'by C. A. Barber, c.i.e. sc.d., f.l.s. Price, Ra. 4-4 or 7s. 

Vol. X, 

No. HI. 

Studies in Indian Sugarcanes, No. 5. On testing the suitability of sugar- 
cane varieties for different localities, by a system of measurements. 
Periodicity in the growth of the sugarcane, by C. A. Barber, c.i.e. 
sc.n., f.l.s. Price, R. 1-12 or 3s. 

Vol. X, 

No. IV. 

A Vythium . Disease of Ginger, Tobacco and Papaya, by L. S. Subr.\- 
maniam. Price, R. 1-8 or 2s. 6rf. 

Vol. X, 

No. V. 

Studies in the Pollination of Indian Crops, 1, by A. Howard, c.i.e,, m.a., 
Gabriellk L. C. Howard, m.a., and Abdur Rahman Khan. Price 
R. 1-4 or 2s. 6 d. 

Vol. X, 

No. VI. 

41 Knmpta” Cotton and its Improvement, by G. L. Kottur, B. Ag 
i. rice, R. 1-12 or 3s. 

Vol. XI, 

No. I. 

Some Aspects of the Indigo Industry in Bihar. Part I, The Wilt 
Disease of Indigo. Part II. The factors underlying the seed produc- 
tion and growth of Java Indigo, by Albert Howard, c.i.e., m.a., and 
Gabiiielle L. C. Howard, m.a., with the assistance of Chow dr ah v 
Ramdhan Singh and Maulvi Abdur Raiiman Khan. Price, R. 1-2 or 2*. 

Vol. XI, 

No. II. 

Studies in Diseases of the Jute Plant. (1) Diplodia Corchori, Syd., by 
F. J. F. Shaw, d.sc., a.r.c.s., f.l.s. (in the press.) 



Chemical Series. 

Vol. V, 

No. IV. 

Cholam (J. Sorghum) as a Substitute for Barley in Malting, Operations, 
by B. Viswanatii, T. Lakshmana Row, b.a., and P. A. Raghunatha 
swami Atxangar, Dip. Ag. Price, As. 12 or Is. 

Vol. V, 

No, V. 

The Phosphate Requirements of some Lower Burma Paddy Soils, by F. J. 
Warth, m.sc., b.sc., and Mating Po Shin. Price, R. 1-12 or 3s. 3 rf. 

Vol. V, 

No. VI. 

Absorption of Lime by Soils, by F. J. Warth, m.sc., b.sc., and Mating Po 
Saw. Price, R. 1-2 or 2s. 

Vol. V.Nos. VII & VIII. The Gases of Swamp Rice Soils, V— A Methane-oxidizing Bacterium from 
Rice Soils, by P. A. Subrahmaxya Avyak, b.a. ; and The Gases of Swamp 
Rice Soils, VI— Carbon Dioxide and Hydrogen in relation to Rice Soils, 
bv W. H. Harrison, d.sc. {hi the press.) 

Vol. V, 

No. IX. 

The Retention of Soluble Phosphates in Calcareous and Non- calcareous 
Soils, by W. H. Harrison, d.sc., and Surendra Lal Das, m.sc. 
{In the press.) 

Vol. V, 

No. X. 

Windrowing Sugarcane in the North-West Frontier Province. Part 1- 
The Effect on the Economical and Agricultural Situation, bv W. 
Robertson Brown. Part 11— The Effect on the Composition of Sugar- 
cane, by W. H, Harrison, d.sc., and P. B, Sanyal, m.sc. {In th? 


Vol. V, No. y. 
Vol. V, No. VI. 


Vol. VI, Nos. I— IX. 
Vol VII, Nos. 1 k 2 


Entomological Series. 

The Rice Leaf-hoppers {Nephotettix bipunctotus, Fabr. and Ne.phote.Uii 
apicdii, Alotschj, by C. S. Misra, b.a, Price, R. 1-/ or 3s. 

Lantana Insects in India. Being the Report of an Inquiry into the Effi- 
ciency of Indigenous Insect Pests as a Check on the Spread ot 
La.ntu.na in India, by Rao Sahib V . Ramachandra Rao, m.a,. 

Price, Rs. 2-4 or 4s. 6 d. 

Life-histories of Indian Insects: Microlepidoptera, by T. Bainbriggb 
Fletcher, b.n., f.l.s., f.e.s., f.z.s. Price, Rs. 7-8 or 11s. 3d. 

New Indian Gall Midges (Dipteral, by E. P. Felt, and Description of 
a Rhinocyphine larva from Shillong, by Major F. C. Fraser, i.M.S- 
Price, As. 12 or Is. 6d. 








